By treating CP-violating interaction as a perturbative term, we solve the Dirac equation in the background of electroweak bubble wall (the distorted wave Born approximation). We obtain the transmission and reflection coefficients for a chiral fermion incident from the symmetric-phase region and for the one from the broken-phase region respectively. There hold the respective sets of unitarity relations and also reciprocity relations among them. These relations enable us to rigorously derive quantum-number flux through the bubble wall, which is the first order quantity of the CP violation. The flux is found to be negligible for a thick wall such that m 0 /a > ∼ 2, where 1/a is the wall thickness and m 0 is the fermion mass. 
Introduction
It is well known that electroweak theory satisfies the three necessary conditions by Sakharov 1) to generate the baryon asymmetry of the universe, provided that the phase transition is first order 2) . During the phase-transition process of first order, we assign a complex mass to a fermion as a function of z, m(z) = m R (z) + im I (z), where z is the coordinate perpendicular to the wall. The real part m R (z) asymptotically behaves such that m R (z) → 0 as z → −∞ (symmetric phase) and m R (z) → m 0 as z → +∞ (broken phase), where m 0 is the fermion mass. The imaginary part m I (z) produces quantum-number flow through the bubble wall 3) , if m I (z)/m R (z) is not a constant as in the case that CP is violated in the Higgs sector.
We give a general prescription to treat fermion propagation in CP-violating bubblewall background, by regarding the CP-violating term as a small perturbation (DWBAthe distorted wave Born approximation) 4) . We obtain the transmission and reflection coefficients for chiral fermions incident from the symmetric-phase or from the brokenphase region. There hold the respective sets of unitarity relations and also reciprocity relations among the coefficients. These relations enable us to rigorously derive quantumnumber flux through the bubble wall, which is the first order quantity of the CP violation. Here the dynamical quantity, ∆R ≡ R s R→L −R s R→L , where R s R→L (R s R→L ) is the reflection coefficient for right-handed chiral fermion (anti-fermion) incident from the symmetric-phase region, is of primary importance. If |∆R| is small, no sufficient amount of baryon-number asymmetry of the universe is generated 4, 5) .
Taking m R (z) of the kink type 6) , we evaluate ∆R for several forms of m I (z). |∆R| is extremely small for a thick wall such that the thickness 1/a is larger than 2/m 0 . For one-Higgs-doublet models with 1/a ∼ (20 − 40)/T 7) , this excludes the top quark from the baryogenesis game.
DWBA to CP-Violating Dirac Equation

Dirac equation and Ansatz
We consider one-flavor model described by the lagrangian,
In the vacuum, near the first-order phase transition point, φ may be x-dependent field, so that we put
where m(x) is complex-valued and we neglect the time dependence. If the phase of m(x) has no spatial dependence, it is removed by a constant bi-unitary transformation, which is outside of our interest. The Dirac equation describing fermion propagation in the bubble-wall background with CP violation is 3)
For the bubble wall with large enough radius, m(x) could be regarded as a function of only one spatial coordinate, so that we put m(x) = m(z).
To solve (2.3), we take the following Ansatz 6) :
where σ = +(−) for positive (negative)-energy solution,
By putting E = E * cosh η and p T = E * sinh η with E * = E 2 − p 2 T , the Lorentz transformation eliminates p T . After this Lorentz rotation for a fixed p T , the Dirac equation is rewritten as
where m(z) = m R (z) + im I (z). Now let us introduce a set of dimensionless variables using a parameter a, whose inverse characterizes the thickness of the wall:
where m 0 is the fermion mass in the broken phase. Eq.(2.5) is expressed as
As for f (x) and g(x), we do not specify their functional forms but only assume that
and that |g(x)| << 1, i .e., small CP violation. Eq.(2.7) means that the system is in the broken (symmetric) phase at x ∼ +∞ (x ∼ −∞), the wall height being m 0 .
DWBA to the Dirac equation 4)
We regard the small |g(x)| as a perturbation, and keep quantities up to O(g 1 ). Put
where ψ (0) (x) is a solution to the unperturbed equation
with an appropriate boundary condition. Then
is the Green's function for the operator in (2.9) satisfying the same boundary condition as ψ (0) (x). To this order, the solution to the Dirac equation is given by
If we expand ψ (0) (x) in terms of the eigenspinors of γ 3 as
Because of (2.7), the asymptotic forms of φ ± (x) should be φ ± (x) → e αx , e −αx (x → +∞) and e βx , e −βx (x → −∞), where α = i ǫ 2 − ξ 2 and β = iǫ. Putting all these together, we obtain the asymptotic forms of the wave function (2.11) at x → ±∞.
Fermion incident from symmetric-phase region 4)
We consider a state in which the incident wave coming from x = −∞ is reflected in part at the bubble wall, while at x = +∞ only the transmitted wave exists. We denote two independent solutions to (2.12) as φ
(2.14)
From these, the general solution to (2.9) is eventually given as
The required boundary condition is achieved by setting A In terms of the chiral currents, j
, the transmission and reflection coefficients for the chiral fermion are defined as
, where the superscript s denotes the fermion incident from the symmetric-phase region, we have
(2.17)
Here the corrections by the CP violation are
where 
Fermion incident from broken-phase region and reciprocity 5)
In place of φ (+α) ± (x), we start with φ (−β)
± (x): given by
where γ = √ 1 − u 2 and the fermion-flux density in the symmetric (broken) phase
the chemical potential being omitted for simplicity.
Thanks to the unitarity and reciprocity relations, (3.1) is reduced to a simple expression:
Here ∆R is the difference between the chiral fermion and its anti-fermion in the reflection coefficients incident from the symmetric-phase region:
The unperturbed solutions φ 
The effects of CP violation can be evaluated, once the functional form of g(x) is given. We have executed numerical calculations for several forms of g(x) 5) . We show one example in Fig.1 , 
Concluding Remarks
Although many complicated factors such as the wall velocity u would largely affect baryogenesis, a sufficient amount of baryon-number asymmetry could not be produced unless |∆R/∆θ| due to CP violation is large enough. We conclude with some remarks.
( (3) If some of the models predict a thin bubble wall, they may generally be favored to explain the cosmological baryogenesis. We expect that our DWBA prescription and the results would serve to build models to generate baryon asymmetry of the universe. The numerical values of E * and a are respectively those of E * /m 0 and a/m 0 .
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